MPF041US 
PCT Article 34 Amendment 

DESCRIPTION 
PHOTOELECTRIC ENCODER 

TECHNICAL FIELD 

The present invention relates to a photoelectric encoder, 
5 and more particularly to an improvement of a photoelectric 

encoder that has a telecentric optical system in which a lens 
and an aperture are interposed between a main scale and 
photoreceptors . 
BACKGROUND ART 

10 As described in Japanese Patent Laid-Open Publication No* 

2004-264295, a photoelectric encoder has been devised in which, 
as shown in Fig. 1, a lens optical system (a telecentric 
optical system) 40 consisting of a lens 42 and an aperture 44 
(a telecentric optical aperture) is interposed between a main 

15 scale 20 and a photoreception unit 30 made of, e.g., a 

photoreceptor array 34. As shown in Fig. 2, the distances a 
and b from the lens 42 to a scale 21 of the main scale 20 and 
to photoreceptors 35 on the photoreceptor array 34 can thus be 
adjusted for magnification setting. In Fig. 1, 10 denotes a 

20 light source, and f denotes the focal length of the lens 42. 

In the photoelectric encoder using this telecentric 
optical system 40, an image on the main scale 20 is projected 
onto the photoreceptor array 34 via the lens optical system 
(42, 44). Here, since the aperture 44 is located in the focal 

25 position of the lens 42, the image formed on the photoreceptor 
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array 34 can be prevented from varying in magnification even 
if the distance (gap) between the main scale 20 and the lens 
42 changes as long as the physical relationship among the lens 
42, the aperture 44, and the photoreceptor array 34 is 
5 unchanged. 

Nevertheless, even with the photoelectric encoder using 
such a telecentric optical system 40, misalignment of the 
photoreceptors 35 in the gap direction can change the 
relationship between the distance a from the lens 42 to the 

10 main scale 20 and the distance b from the lens 42 to the 
photoreceptors 35 as shown in Fig. 3. This changes the 
magnification of the image formed on the photoreception plane 
31 significantly with a sharp drop in signal intensity as 
shown in Fig. 4. 

15 Besides, the signal detection efficiency in the 

peripheral area also drops due to lens distortion and coma 
aberration . 

Moreover, when miniaturization is intended, the optical 
system reguires a lens that has a shorter focal length (a 

20 smaller diameter, in the case of a general-purpose lens). To 
maintain the aberrations smaller, however, it is necessary (1) 
to use an aspherical lens or (2) to use a plurality of lenses 
in combination (with adjustment) . There have thus been such 
problems as a rise in cost and additional man-hours for 

25 adjustment. 
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DISCLOSURE OF THE INVENTION 

The present invention has been achieved in view of the 
foregoing conventional problems, and it is thus an object 
thereof to improve the signal detection efficiency, increase 
5 assembly tolerance, and reduce the man-hours for adjustment. 

The foregoing object of the present invention has been 
achieved by the provision of a transmission type photoelectric 
encoder having a telecentric optical system in which a first 
lens and an aperture located at a focal position of the first 
10 lens are interposed between a main scale and a photoreceptor, 
and wherein at least a second lens is interposed between the 
aperture and the photoreceptor with a focus of the second lens 
on the aperture, thereby constituting a bilateral telecentric 
optical system. 

15 Moreover, the second lens is made identical to the first 

lens and is situated reversely. The second lens can thus 
inversely correct an aberration occurring from the first lens 
so that the aberration is cancelled out almost completely. 

The foregoing object of the present invention has also 

2 0 been achieved by the provision of a photoelectric encoder 

having a telecentric optical system in which a first lens and 
an aperture located at a f o cal position of _ the first lens are 
interposed betwe en a main scale and a photoreceptor, a nd 
wherei n one or more second bilateral telecentric optical 
2 5 systems including a second aperture a nd third and fourth 
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lenses arranged on both sides thereof is /are further 
interposed between the second lens and the photoreceptor. 

The foregoing object of the present invention has also 
been achieved by the provision of a photoelectric encoder 
5 having a telecentric optical system in which two lenses and an 
aperture located a t a focal position of the two lenses are- 
interposed between a main scale and a photoreceptor , and 
w herein the two lenses are comprising identical lenses having 
symm_e t r i c a 1 fr o nt and back sh ape with regard to central plane 

1 0 p e r p e n d i cu lar to optical axis . 
Moreover, ^~~4-ex^ 
second ea ch of two lenses is made of: a spherical ball lens, 
which has high distortion but is inexpensive; a GRIN lens of 
gradient refractive index type (also called SELFOC lens), 

15 which refracts light beams in a parabolic pattern inside its 

lens medium; or a drum lens* This allows compact configuration 

at low price . 

Me~re^v^r-7---^n^---^r~-^^ 

2 0 fourth - lenses arranged on b& £h— e-a^le s thereof is/ar e — fifbr^eir™ 
•ir-n^erposed -b etween the - second len -s — a^d—^t^ e photoreceptor ^-- 

Moreover, the aperture is formed as a slit oblong in a 
direction perpendicular to an axis of measurement, so that the 
amount of light to reach the photoreceptor is increased for 
25 the sake of power saving and improved reliability of the light 

4 
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source . 

According to the present invention, the second lens can 
inversely correct the aberration occurring from the first lens. 
This makes it possible to reduce the aberration and improve 
5 the signal detection efficiency. 

Moreover, even if the gap between the second lens and the 
photoreceptors varies, the optical magnification can be 
maintained constant. This can increase the assembly tolerance 
in the gap direction and reduce the man-hours for adjustment. 
10 BRIEF EXPLANATION OF THE DRAWINGS 

Fig. 1 is a perspective view showing the configuration of 
essential parts of a photoelectric encoder having a 
telecentric optical system. 

Fig. 2 is a plan view of the same. 
15 Fig. 3 is a ray diagram for explaining variations in 

magnitude ascribable to misalignment of the photoreceptors of 
the same in the gap direction. 

Fig. 4 is a chart showing an example of variation of the 
signal intensity of the same. 
20 Fig. 5 is a perspective view showing the configuration of 

essential parts of a first embodiment of the present invention. 

Fig. 6 is a ray diagram of the same. 

Fig. 7 is a ray diagram showing the configuration of 
essential parts of a second embodiment of the present 
25 invention. 
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Fig. 8 is a ray diagram showing the configuration of 
essential parts of a third embodiment of the present invention. 

Fig. 9 is a ray diagram showing the configuration of 
essential parts of a fourth embodiment of the present 
5 invention. 

Fig. 10 is a ray diagram showing the configuration of 
essential parts of a fifth embodiment of the present invention. 

Fig. 11 is a ray diagram showing the configuration of 
essential parts of a sixth embodiment of the' present invention. 
10 Fig. 12 is a ray diagram showing the configuration of 

essential parts of a seventh embodiment of the present 
invention . 

Fig. 13 is a perspective view showing the configuration 
of essential parts of an eighth embodiment of the present 
15 invention. 

Fig. 14 is a ray diagram showing the configuration of 
essential parts of a ninth embodiment of the present invention. 
Fig. 15 is a diagram showing the effect of the same. 
Fig. 16 is a ray diagram showing the configuration of 
20 essential parts of a tenth embodiment of the present invention. 
BEST MODE FOR CARRYING OUT THE INVENTION 

Hereinafter, embodiments of the present invention will be 
described in detail with reference to the drawings. 

A first embodiment of the present invention is a 
25 photoelectric encoder having a telecentric optical system 40 
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like shown in Fig. 1. As shown in Fig. 5, a lens 52 identical 
to the first lens 42 is interposed on the other side of the 
aperture 44 in a reverse orientation with its focus on the 
aperture 44, thereby constituting a bilateral telecentric 
5 optical system 50. In the diagram, f represents the focal 
lengths of the lenses 42 and 52. 

In the present embodiment, the first lens 42 and the 
second lens 52 are identical . The second lens 52 can thus 
inversely correct aberrations occurring from the first lens 42 

10 almost completely. It is therefore possible to cancel out the 
aberrations almost completely with a significant improvement 
in the signal detection efficiency. 

Moreover, since the second lens 52 is interposed so that 
its focus falls on the aperture 44, the outgoing light from 

15 the second lens 52 becomes parallel light as shown in Fig. 6, 
and the optical magnification is maintained constant (Ix) even 
when the gap between the second lens 52 and the photorecept ion 
plane 31 varies. This makes it possible to increase the 
assembly tolerance in the gap direction and reduce the man- 

20 hours for adjustment. 

It should be appreciated that the first and second lenses 
42 and 52 need not necessarily be plano-convex lenses which 
are used outward as shown in Fig. 6, but plano-concave lenses 
may be used inward as in a second embodiment shown in Fig. 7. 

25 Otherwise, biconvex lenses may be used as in a third 
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embodiment shown in Fig. 8. Otherwise, ball lenses may be used 
for miniaturization and cost reduction as in a fourth 
embodiment shown in Fig. 9. Otherwise, GRIN lenses may be used 
for miniaturization and cost reduction as in a fifth 
5 embodiment shown in Fig. 10. Otherwise, drum lenses may be 
used for miniaturization and cost reduction as in a sixth 
embodiment shown in Fig. 11. 

Moreover, as in a seventh embodiment shown in Fig. 12, 
the second lens 54 may be made different from the first lens 

10 42 so as to change the optical magnification between the IN 
side and the OUT side to other than lx. In the diagram, F 
represents the focal length of the second lens 54. 

In this case, it might be impossible to eliminate 
aberrations completely, whereas the assembly tolerance in the 

15 gap direction increases. 

Moreover, the aperture may have a non-circular shape. As 
in an eighth embodiment shown in Fig. 13, a slit 4 6 oblong in 
the direction perpendicular to the axis of measurement may be 
formed so that the amount of light to reach the photoreception 

20 plane 31 is increased for the sake of power saving and 

improved reliability of the light source 10. Alternatively, 
the aperture may have an elliptic or oval shape. 

Furthermore, as in a ninth embodiment shown in Fig. 14, 
the number of apertures of the bilateral telecentric system 50 

25 may be increased along the axis of measurement. This widens 
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the on-scale field of view (FOB) by image superposition, 
provides robustness against stains and wobbles by the 
averaging effect, and increases the amount of light to reach 
the photoreception plane 31, thereby allowing power saving and 
5 improved reliability of the light source 10. 

Moreover, the number of lenses to be added is not limited 
to one. As in a tenth embodiment shown in Fig. 16, another 
bilateral telecentric system 60 consisting of lenses 62 and 64 
and an aperture 66 may be added. Here, the lenses 62 and 64 

10 may be the same as or different from the lenses 42 and 52. The 
number of bilateral telecentric systems to be added is not 
limited to one, either. Two or more systems may be added. 
INDUSTRIAL APPLICABILITY 

The present invention is applicable to either of an 

15 encoder in which the index grating and the photoreceptors are 
formed separately and an encoder having a photoreceptor array 
having the two components formed integrally. Moreover, it is 
applicable not only to encoders of transmission type, but to 
encoders of reflection type as well. 



9 
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CLAIMS 

1. (Amended) A transmission type photoelectric encoder 
having a telecentric optical system in which a first lens and 
an aperture located at a focal position of the first lens are 
5 interposed between a main scale and a photoreceptor, and 

wherein at least a second lens is interposed between the 
aperture and the photoreceptor with a focus of the second lens 
on the aperture, thereby constituting a bilateral telecentric 
optical system. 

10 2. The photoelectric encoder according to claim 1, 

wherein the second lens is made identical to the first lens 
and is situated reversely. 

3- jDeleted)_ _ i i%e photoelectric -e ncoder according to — e3-ar±m 

15 -5--ei^-nd-"-te^^ 

4 . (Deleted) L F4^e---p^-et-e^i^ 

-1 — e-r — a-t — 1-e-a-s-t — e4rt*e-r~on-e-^f--%-hre — f-irirs-t — ten-S"-a-nd--t-h^-~ 
-s-e-e^o-n-d—te^s — i-3---madre--^-f~-^-^R^N---l-en-&-.-- 

5 . (Deleted) -1%e-"i^het^e"i^ 

2 0 1 or 2 -r~-^ri^e^e in at - least e i -fefe er one of the f i r s t l -e^^-a^d—tfee-- 
sec o nd lens — is made of — a drum lens. 

6. (Amended) ^ghre A photoelectric encoder according to — a^ey 
e-f — cla jrm-s — 1 — to 5, - having a telecentric optical system in which 
a first lens and an aperture located at a focal position of 

2 5 the fi rst lens are interp osed between a main scale and a 

10 
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pho t o r e c ep t o r r and wherein one or more second bilateral 
telecentric optical systems including a second aperture and 
third and fourth lenses arranged on both sides thereof is/are 
further interposed between the second lens and the 
5 photoreceptor. 

7 . (Delet ed) T he photoelectric encoder acc ording to — a n y - 
of clai m s — 1 — to — — wherei n th e ape r ture is — formed as a slit 
afc^re-n-g— i n a — dri-r-e-e t i o n perpe n d i c u 1 a r — — an axis o^^ao iir e ffieffe- 
8 (Added) • _A photoelectric encoder havi ng a t elecentric 

10 optical system in which two lenses and an aperture located at 
a focal position of the two lenses are interposed between a 
main scale and a pho torecep tor, and wherein the two lenses are 
c omp rising iden t ical lens es h avi ng _ sym met r i c a 1 front and back 
shape with regard to central plane perpendicular to optical 

15 axis. 



9 (Added) . The photoelectric encoder according to claim 6, 



wherein each of 


the two lenses is made of a ball lens. 




10 (Added) 


* The photoelectric encoder according to 


claim 


8, wherein each 


of the two lenses is made of a GRIN lens 




11 (Added) 


• The photoelectric encoder according to 


claim 


8, wherein each 


of the two lenses is made of a drum." lens 




12 (Added) 


. The photoelectric encoder according to 


any of 


claims 1, 2, 6, 


and 8 to 11, wherein the aperture is formed as 



a slit oblong in a d irection perpendicular to an a xis of 
25 measurement. 



MPF041US 
PCT Article 34 Amendment 

ABSTRACT 

A photoelectric encoder has a telecentric optical system 
in which a first lens and an aperture located at a focal 
position of the first lens are interposed between a main scale 
5 and a photoreceptor. At least a second lens is interposed 

between the aperture and the photoreceptor with a focus of the 
second lens on the aperture, thereby constituting a bilateral 
telecentric optical system. This makes it possible to improve 
the signal detection efficiency and increase the assembly 
10 tolerance. 
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